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Abstract In ultra-dense mobile radio communication systems, severe co-channel interference is produced by reusing the
same radio resource in a very close distance and this interference limits the enhancement of capacity and reliability of the
system. Hence, the interference countermeasure will become one of key technical issues in beyond 5G systems. The
ultra-dense radio access network (RAN) needs to be designed with interference countermeasure in mind and its system
structure will become different from those of 5G systems. In this report, we will present the architecture of reconfigurable
cellular distributed MU-MIMO system aiming at the realization of ultra-dense RAN having a large capacity as well as
enhanced reliability, adaptability, and scalability. Then, we will introduce a concept of interference countermeasure suitable for
the reconfigurable cellular distributed MU-MIMO system.
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System architecture of Reconfigurable
Cellular Distributed MU-MIMO
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V: user, O: distributed antenna

x: cluster centroid, —: cell boundar

Antennas/service area: 3200
Users/service area: 1600
Distributed antennas/cell: 128
Cells: 25 (=3200/128)
Users/cluster:16

<% Non-uniform user/antenna distribution
« 1/2: uniformly distributed over the
E

+ 1/2: gathered near the center of

service area following two-dimensional
#4 Gaussian distribution whose mean and
covariance matrix are coordinate (2.5,
2.5) and diag(0.25, 0.25), respectively

r " ¥ % %
Note: A different color represents
a different cell
| o e
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fractional bands
assigned from
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(b) State after convergence
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A7y 7 1IF RAN EHEBENEITT5. B EERLE
#% 2/ E D (Cell centroid) DAL E F H A2 B W TR R—

Z ¥ 4y El (Delaunay triangulation) [21]&1T > T/ 77 %
TERR T %. %LT COHSESBEOHAOT (X 11L12
D FITIEHES oy A 5T 3) Tl Kk %k (Largest degree
order) | %0@77 éT/I/:)XA(LDO GCA) [22]&»
AWT, A EEEEBLICEVY T, ok,
%AW@%@%FH%TJZ/W%77X§?® S0 a1TODIEA
BS Th 5.

Step 1: Graph coloring of BS
cell-edges by RAN coordinator

Step 2: Graph coloring of cell-edge
and inner-cell clusters by each BS

A O

A7 w7 2 TiX, & BS DU TOXIZIL TEAERI T AK
ERET5H. % BS TiE, BOOBLVAICEK LIz A
@D E > (Cluster centroid) DN EIF WA H VW TR Rr—=
A EEIT > T I752EK T 5. LT, thil(Convex
hul)%Z 2.2 T, EFRICKHE TDHITRG BNV iR T AL L
LCEOTDH. BAMITIAXTRIRICE 2> TNDHD T,
RAN FHEENSEIV Y TonZGOH D EAGNLEA G
ZNEFICHROH L CHEMICE 0 T577 ety (Round
robin) B A2 A WDHIENTED (BRI T AN K
DEEF e KL EXIZHR ERRICAIZR>TLED
B, B TAZITHEBEBIZ A L TCND O THi T
R XEITERNID RN, L, A B FICHRHNTIT
E) . WIS, BN TEHRIEEZTY. EEss 5L
Ui VAR T O FEARTHING, ek ftall
TLDO-GCA ZHWTEBNNITAZEZ AT 5.

(1) 797 a7 LITYXL| cté FFR
MHEREFEEALME DO EITONT, AOHSES
(HFH o EAI izéﬁaﬁ)%s oﬂﬂb\r LDO-GCA {2k
VBRI TAZDE A EITSTB %X 13 1[RT. %L
Vﬂ@z—*f‘iﬁwﬁ 96,7 T FH M 128 TUTAZEMN 12 O

TS, BAER (EFEOR) TaME->TndE
zwm77xé7 ITHEWCE 250 TEAINTWAIER YD
5. OFY, BAMFUERKETES.

Whole Color — -
color pool sub-pools o g,q

iiﬁ“
kl#z

?

l-."
oy 5 3 S
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< e

Iy,
y; s
%
Assumption: no. of colors F

in whole color pool is 6 Mol
Vil
® Each BS colors the cell-edge clusters ) ,'
using the assigned color sub-pool)
® No. of antennas=128, no. of users=96,
no. of clusters=12
® Restricted to 6 colors (3 sub-color pool)

Cell of interest'

y-coordinate of location
ke D)
TR

Square shaped cellular structure |
# Il".mﬂ ‘.a' w‘.i:’ %"EI:

X- coordlnate of Iccatlon
Coloring result of cell-edge clusters

X 13 BT T AKX DR o)

(2) BVHNIFAEDIFTH (4

s 6 (lZH| R L7z LDO-GCA # AT, ¥ 13 @
Emflim_t/m@%ww% LB A2 14 |
R D712, DSATUR (Degree of saturation) 7/1/
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YL [23NICEAEHIR (6 ) ZIVANTRELNIT
AHEE O LIEHE R L2, LDO-GCA IX DSATUR-GCA (Z
ARTHEHERBERADR2ONOREE THD.

58 1k % ¥ (Reinforcement learning) KA ¥ A7 /LT
A5 (RLCA) 2412 WT BN NI IAZEEER AT 5H
LHTED. RLCA T I7RERTHML BRI LMD,
757 % = LDO-GCA 12, £E & 25 i BR 55 ~ D
IGTEREWES 25, LoL, HAEBENKEVOT, 20
HIE 234 #% O ETH 5.

Q- ¢ 0. (@] o
1o
.- . O “O
LDO-GCA DSATUR-GCA RLCA

(Largest Degree Order ) (Degree of Saturation) (Reinforcement Learning)
[C. Ge, WPMC 2020] [D. Brélaz, ACM 1979] [C. Ge, WPMC 2021]

6-color (@) Cell-edge ® Inner-cell Distributed antenna associated
restriction cluster cluster user with inner-cell cluster
14 BNAWNITAZDF A
>
5. Ly ®

AR T, BR 2 728 (5 SR B8 (S I T 5 F AR K AT BE e
BT MU-MIMO #15 VAT LD EARFERIZONT
WA TR ORI T T B AR BB KOV | AR
BT WHIEICONTHE A L. BT/ T 5 8
MU-MIMO #1527 A, IV H 722 L O & E ik & H
ORI REBIALERRICTIHELLI, =2—F DB
RN T T T OMEA A T EE DT EIERE DL
LICE AL TN/ I TAZEEEZ TR THZETRA R
TOOEEMENEL, BISHELILERICENTB &S B E
RAN OEBAFRRIZT D, Kff Tk NN/ T7 A5 &
O TF A Rl <0 5 ) 48 O 3 M 72 MR BE BE A & 4 2 1T > Td<
FTETHD.

7ok, BHERFTREZRELT S MU-MIMO #1327
LOEBIZIE, HEAAML T MR — AL R TEX5HE
NIRRT IR S50, 5% OFIBIZHFFLIZV.

B

ARFFRIIR G A BN ETE S ERBIHEF AT A
DR 725 FEAv I T 7= 0F FE B % 1 (JPJ000254) DRk S
— i ThD.
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